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Objectives: Small abdominal aortic aneurysms (AAA) are usually managed conservatively by serial ultrasound 
examinations toassess ize. The development of the size of the AAA will determine whether the patient is a candidate for 
surgery. The precision of measurement is therefore of considerable importance. The aim of this study was to evaluate the 
accuracy and the reproducibility of a newly developed echo-tracking ultrasonic system in the size evaluation of AAA. 
Design: Prospective study at a University Hospital. 
Material and methods: An echo-tracking ultrasound system with a 3.5 MHz transducer was used in 54 patients with 
AAA. Thirty-six patients had repeated measurements by one technician to evaluate the intra-observer variability. In 
another 18 patients with aortic dilatation/AAA, the measurements were repeated by a second technician in a blinded fashion 
with calculation of inter-observer variability. The reproducibility was evaluated both using linear regression and plots 
according to the method escribed by Bland and Altman. 
Results: The mean diameter of the aorta was 37 mm (range 21-51 mm). The coefficient of correlation of repetitive 
measurements with one observer was r = 0.99 and with two observers r = 0.99. The intra-observer variability was O. 78 mm 
(s.D.) and the inter-observer variability 0.93 mm (s.D.). The intra- and inter-observer coefficient of variation (CV) was 
2-3%. 
Conclusions: The newly developed echo-tracking ultrasonography seems at present o be the most accurate and reliable 
method to follow the diameter of an abdominal aortic aneurysm detecting relevant changes in the diameter exceeding 2 mm 
(2 s.D.). Thus it fulfils the requirements both for follow-up of conservatively managed AAAs and endovascularly treated 
aneurysms. 
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Introduction 
The incidence of abdominal aortic aneurysms (AAAs) 
is increasing and the fate of an individual aneurysm is 
unclear. However, with increasing size the risk of 
rupture increases and most surgeons are in favour of 
treating aneurysms above 50-55 mm surgically. 
Smaller aneurysms are usually managed conserva- 
tively with continuous follow-up using ultrasonog- 
raphy. Because the size difference of a few millimetres 
may determine whether a patient is a candidate for 
surgery or not, the precision of the measurement is of 
considerable importance. Furthermore, in the evalua- 
tion of endovascular treatment of abdominal aortic 
aneurysms an exact method is mandatory. However, 
earlier reports concerning the variability of measure- 
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Vascular and Renal Diseases, Maim/5 University Hospital S-205 02 
Malta6, Sweden. 
The study was performed on 54 patients, aged 42 - 82 
years, with abdominal aortic di latation/aneurysms. A 
pathological dilatation of the infrarenal aorta was 
defined according to Sonesson et al. 3 An aneurysm 
was defined as an aortic diameter > 29 mm and/or  an 
isolated dilatation of the infrarenal aorta with the 
morphological ppearance of an aneurysm. All inves- 
tigations were done with the subject in the supine 
position. The maximal anteroposterior diameter was 
ments with the aid of ultrasound as well as computed 
tomography (CT) have shown quite large variations. 1'2 
The aim of this study was to evaluate the accuracy and 
reproducibility of a newly developed echo-tracking 
ultrasonic system in the size evaluation of abdominal 
aortic aneurysms. 
Material and Methods 
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registered with echo-tracking ultrasonic equipment 
(Diamove, Teltec AB, Lund, Sweden) using a 3.5 MHz 
B mode real-time linear array transducer. The tech- 
nique has earlier been described in detail. 4 In short, 
two electronic markers, each representing one tracking 
gate, are automatically aligned with and locked to the 
luminal interfaces of the B mode echo image of the 
anterior and posterior arterial wall. The echo-tracker 
measures the distance between the walls of the vessel. 
All measurements were carried out by one or two 
experienced technicians. The aortic dilatations/aneu- 
rysms were visualised longitudinally in a real-time 
picture and the maximum diameter perpendicular to 
the longitudinal axis defined. The echoes from the 
walls were optimised and, after locking the echo- 
tracker to the inner surface of the aortic walls, the 
diameter was registered. The intra-observer reproduc- 
ibility was evaluated in 36 AAAs by two sequential 
measurements on each aneurysm, all performed by 
the same technician. In order to evaluate the inter- 
observer reproducibility one measurement was 
blindly repeated by another technician in 18 patients 
with aortic dilatations/aneurysms. 
Results 
The results are presented as mean + S.D. The intra- and 
inter-observer variability was evaluated both using 
linear regression and according to Bland and Altman. 5 
The coefficient of variation (CV) was calculated. 
60 
The mean anteroposterior diameter of the investigated 
abdominal aortic di latations/aneurysms was 37 mm 
(range 21-51 mm). One AAA had to be excluded ue 
to difficulties in visualising the aorta caused by bowel 
gas. Figure 1 shows the intra and inter-observer 
correlation between repetitive measurements. The 
coefficient of correlation was r -- 0.99 for both. Figure 2 
shows the intra- and inter-observer reproducibility of 
the anteroposterior diameters as expressed in plots 
according to Bland and Altman. The difference 
between the two diameter registrations (+S.D.) is 
shown on the vertical axis and the mean of the two 
diameters on the horizontal axis. The intra-observer 
variability was calculated as 0.78 mm (S.D.) and, thus, 
a true diameter change should exceed 1.56 mm (2 S.D.), 
CV = 2%. The inter-observer variability was 0.93 mm 
(S.D.) thus, a true diameter change should exceed 1.86 
mm (2 S.D.), CV=3~. There was no correlation 
between the variability in measurement and the 
diameter of the aortic di latations/aneurysms 
(r = 0.03).  
Discussion 
The prevalence of AAA has increased over recent 
decades and does not seem to be related to more 
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Fig. 1. The intra (a) and inter-observer (b) correlation between 
repeated anteroposterior diameter measurements of aortic dilata- 
tions/aneurysms. 
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reliable diagnostic methods alone. 6"7 Recent screening 
studies indicate a prevalence of AAA in men over 65 
years of about 5%. 8'9 Further, there is a genetic 
influence with about one-quarter to one-third of the 
male close relatives to patients with AAA also having 
AAA. ~°'n Several studies have shown that aneurysms 
with a diameter greater than 55-60 mm tend to 
increase in diameter and rupture in an exponential 
fashion, although this of course varies between indi- 
vidual aneurysms. ~2 These data form the basis of the 
surgical management of AAA greater than 55-60 mm 
in diameter. In the same way AAAs less than 40 mm in 
diameter are managed conservatively. Between 40 and 
55 mm in diameter there is no consensus of manage- 
ment. Two large prospective randomised studies are 
addressing this issue at the moment and will hope- 
fully show the preferable treatment. 13Presently many 
aneurysms 40-55 mm in diameter are managed 
conservatively with continuous follow-up using ultra- 
sonography and because a diameter difference of a 
few millimetres may determine whether a patient is a 
candidate for surgery or not, the precision of the 
measurement is of considerable importance. Com- 
puted tomography has been used to assess AAAs 
because the measurements are less operator depend- 
ant but there are some disadvantages. The CT image is 
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Fig. 2. The intra (a) and inter-observer (b)reproducibility of repeated anteroposterior diameter measurements of aortic dilatations/ 
aneurysms according to Bland and Altman. The difference between the two diameter registrations ( + S.D.) is denoted on the vertical axis 
and the mean of the two diameters on the horizontal xis. 
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built of transverse slices taken at small intervals. Since 
the aneurysmal aorta is not only dilated in a radial, 
but often also in a longitudinal, direction the aorta is 
tortuous and might be sliced obliquely with an 
overestimation of the diameter. 2 However, the newly 
developed technique of spiral tomography will mini- 
mise this disadvantage. Using ultrasonography the 
axial resolution of the sonographic beam is superior 
compared with the lateral resolution, which means 
that the accuracy and reproducibility of anteropos- 
terior diameters is superior to transverse measure- 
ments. Thus, in this investigation the anteroposterior 
diameter was used. 1'14 With the ultrasound device the 
vessel is visualised continuously on the real time 
image of the ultrasound scanner and the transducer 
held parallel to the longitudinal axis of the vessel 
throughout the measuring session which minimises 
error due to tilting of the transducer. Whilst it is 
possible to falsely track the thrombus-luminal inter- 
face instead of the aneurysmal wall this is avoided by 
continuous scanning. Measurement away from the 
middle of the aneurysm is avoided since the locking of 
the tracker is most easily done when the walls are 
perpendicular to the tracking, i.e. exactly in the 
middle of the aneurysm. The diseased vessel wall may 
not have a distinct luminal interface and therefore 
induce errors due to problems related to the locking of 
markers. However, this appears not to be the case 
since the variability in healthy aortas has been found 
to be the same as that calculated in the AAA. ~5 This 
means that the technique is valid in healthy as well as 
in diseased arteries. Earlier published reports concern- 
ing the variability of AAA measurements with ultra- 
sonography as well as CT in a similar optimal setting 
as ours have shown a limit of about 5 mm to detect 
true diameter change. I'2'14'~6'17 This may at least partly 
explain the large variation of growth reported, espe- 
cially in small aneurysms. 18 The intra- and inter- 
individual variability of the diameter measurements 
with our technique seem to be more accurate than 
earlier published methods (Figs. 1 and 2) and an 
increase in the diameter of an aneurysm of no more 
than 2 mm is reliably detected. The discrepancy with 
other reports might be related to the capacity to 
visualise the AAA longitudinally avoiding any error 
due to tortuosity. Further, the echo-tracking technique 
makes it possible to perform the measurements in a 
reproducible manner and only at the luminal interface 
of the AAA walls avoiding differences in opinion as to 
where to measure the AAA wall. 
In summary, echo-tracking ultrasonography seems 
to be an accurate and, at present, the most reliable 
method of studying the diameter of an abdominal 
aortic aneurysm and fulfils the requirements for the 
follow-up of small to moderate AAAs and endovascu- 
tarly treated aneurysms. 
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